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Supplementary Materials and Methods
Sample collection and ancillary parameters. Seawater samples were collected along a Mediterranean-Atlantic Ocean transect (Fig. 1) Samples were collected at various depths within the photic zone using a CTD rosette equipped with 12-liter Niskin bottles. For the retinal and Bchl-a analyses, 8 liters of seawater were filtered at each depth using a peristaltic pump connected to a sequential filtration system. Previous estimates of PR using proteomics (29) and laser flash photolysis (15) required the filtration of >100 liters of seawater. To avoid the presence of large planktonic organisms in the samples, the seawater was pre-screened using a 10-μm nylon mesh attached to the inflow of the filtration system. The 3.0-10 m and the 3.0μm-0.2 μm microbial size fractions were collected using 47 mm, 3μm pore-size polycarbonate filters (Millipore corp., Billerica, MA) and 0.2 m Sterivex-GV filter units (Millipore), respectively. Filters were stored at -80 0 C until pigment extraction. For
Chl-a measurements, 500 ml of seawater were filtered through 25 mm GF/F filters (Whatman) using low vacuum. The filters were frozen at -20 ºC before Chl-a was extracted on board in 90% acetone for 24 h in the dark at 4 ºC. Chl-a concentrations were estimated by fluorometry in a fraction was isolated from larger particles using a series of in-line filters. The samples were prescreened using a nylon 10.0 μm mesh attached to the inflow of the peristaltic filtration system.
The 3.0-10.0 m and the 3.0-0.2 μm microbial size fractions were collected using 47 mm, 3.0 μm pore-size polycarbonate filters (Millipore) and Sterivex-GV filter units (Millipore), respectively.
Filters were stored at -80º C until pigment extractions.
Extraction of retinal and bacteriochlorophyll-a. Nine different combinations of solvents were tested (Table S1 ) and methanol (MeOH) was chosen given the best results as an extracting solvent as well as for the LC/MS/MS response for the simultaneous quantification of retinal, retinal oxime and bacteriochlorophyll-a. For samples collected with Sterivex cartridge filters; the cartridges were carefully broken apart using pliers and the filters were cut out using an ethanolcleaned scalpel. All filter types (polycarbonate and Sterivex filters) were transferred into 15-ml Falcon tubes that had been rinsed with MeOH three times and air-dried. Three milliliters of LC-MS grade methanol were added to the filters and left to extract for 30 minutes at -20ºC. After this initial extraction, samples were sonicated at 50% amplitude for 30 seconds on ice and in the dark.
250 μl of 1% butylated hydroxytoluene (BHT) were subsequently added as antioxidant and the samples were extracted at -20º C for 24 hours. To confirm that the pigment extraction was complete, filters were re-extracted for another 24 hours and did not produce any additional retinal signal, indicating that all retinal present in the samples was extracted in the first 24 hours (fig .   S2 ). The extracted material was then centrifuged at 5,000g for 10 min at 4ºC. An aliquot of 500 μl was used for bacteriochlorophyll-a determination by HPLC using the analytical conditions previously described (40). The remaining extraction volume was used for retinal oxime quantification. To complete the extraction, 100 μl of 1M hydroxylamine (36 mM final concentration) were added to the extracted material and illuminated for 2 hours under a >530 nm light source (300 watt halogen projector bulb with Edmund Optics >530 nm long pass filter, average irradiance 180 μmol quanta m -2 s -1 ). Full transformation of all-trans retinal into retinal oxime was observed in standards at concentrations to up to 56 μM (Table S2 These results are consistent with the fact that the retinal synthesis genes are still present in the mutant, even though the PR membrane protein is absent (5). Finally, the concentration of retinal oxime measured in the picoplankton samples (3-0.2 μm-size-fraction) in the natural SPOT samples ranged from 7.6 ± 1.9 to 9.0 ± 0.58 pmol per liter ( fig. S6 ). In contrast, the levels of retinal oxime in the 3 μm fraction were < 1 pmol per liter, which is within the uncertainty of our measurements. The potential 11-cis retinal signal from the eye retina of larger marine organisms should be negligible in the microbial size fractions analyzed in this study since our samples were pre-screened with a 10.0 µm pore-size mesh, and further filtered through a 3.0 μm and a 0.2 μm pore-size filter. Similarly, while the presence of algal or fungal retinal cannot be discarded in natural samples (23), it should be negligible in the picoplankton size fraction (0.2 to 3.0 μm). We found no detectable retinal in the particulate fraction collected on the 3.0-10.0 μm pore size filters collected along the Mediterranean Sea during our study. Retinal was only detected within the 0.2 to 3.0 μm size-fraction samples, which contains almost exclusively prokaryotic cells.
Furthermore, most of the retinal in our study was found in oligotrophic, nutrient-poor waters where the abundance of large marine organisms feeding from phytoplankton is expected to be very low. Any additional retinal sources present in our samples but unknown to date, cannot be accounted for at this early stage of environmental retinal research.
Depth-integrated energy capture calculations. Average daily energy absorbed per pigment was calculated using pigment concentrations and radiometer data (Data S1). Specifically, the downwelling spectral diffuse attenuation coefficient per wavelength (K d ()) was calculated from spectral downwelling irradiance data (PUV-2500 UV Radiometers, Biospherical Instruments, San Diego, CA, USA) using the best fit in the log-linear range. Stations with missing or bad data (r 2 <0.95) were assigned the average K d () value from stations within the same biogeochemical region (oligotrophic (N=1), coastal-influenced (N=2), open ocean (N=2)). Peak daily surface irradiance was calculated using Reference Solar Spectral Irradiance data (ASTM G-173, http://rredc.nrel.gov/solar/spectra/am1.5/astmg173/astmg173.html) after (42) integrated over pigment specific wavelength bands (Table S3 ). Average daily downward irradiance was then calculated using peak daily irradiance and a solar radiation approximation equation and was converted to scalar using a constant factor of 1. where RC is the concentration of reaction centers calculated assuming that each RC contains 1 molecule of PR, 34 of Bchl-a and 300 of Chl-a, respectively (RC m -3 ; Table S4 ). For PR, only 80% of the retinal signal was used to estimate energy capture. This was done to account for the presence of heliorhodopsins, which have slow photocycles (>1s) and are therefore likely to be incompatible with energy capture functions (10). The only data available so far indicates that heliorhodopsin photosystems could account for ~20% of the rhodopsins found in surface waters (10). dz is the depth over which the light dose is calculated (dz=1m), V max is the maximum photon flux per reaction center (photons s -1 RC -1 , Table S4 ), K m is the half-saturation constant of the photon flux versus irradiance curve (J m -2 s -1 , Table S4 ), and z is the pigment specific light dose (J m -2 s -1 ). z was then integrated over depth to get average daily energy absorbed per pigment for the entire water column.
For most pigments, the radiometer bins did not match up exactly with the peak absorbance wavelength and so the closest bin was chosen (Table S3) . We acknowledge that this will result in a slightly deeper or shallower profile due to slight differences in K d (). In addition, a second bacteriochlorophyll peak exists at ~875 nm however the radiometer (PUV-2500 UV) only quantifies wavelengths between 305 and 710 nm and so we were not able to calculate the energy absorbed by this second peak. However, the maximum absorbance of this second peak is approximately 20% of the primary peak and the width is ~ 1/3 the width of the primary peak such that we do not anticipate that the exclusion of this secondary peak will significantly impact our results.
Cellular daily energy capture estimates. The daily energy captured per cell was calculated
using the parameters and assumptions, slightly modified from (16) (Table S5 ). These calculations also assume a hyperbolic response to light which, in contrast to using a linear response to light criterion, allow accounting for the effect of light saturation at high light intensities (16). To estimate the number of PR molecules per cell, we assumed that 75% of the total heterotrophic bacteria contain PRs in our samples (6, 8, 9) and that 2.5% contain Bchl-a Effect of PR photocycle on energy capture estimates. Although the blue light-absorbing PRs were originally thought to have slow photocycles (>100 ms)(15) the data available today suggests that the specific PR photocycle (either of blue or green-light absorbing PR) depends on the environment where they were isolated from (44). Apart from heliorhodopsin, most PRs from the surface ocean have been characterized as proton pumping PRs with fast photocycles (6), while polar and deep ocean PRs show slower photocycles (>100 ms (44)). Therefore, once a possible heliorhodopsin signal of 20% was removed, we did our PR-based energy capture estimates (Fig.   3 , Fig. 5 ) using a 10 ms photocycle typical of proton pumping PRs found in non-polar surface waters. We further tested whether or not our energy estimates could be influenced by the contributions of other rhodopsins with longer photocycles (>10 ms) at intermediate depths within the water column. To explore this, we compared the amount of energy potentially captured per cell and per day at the different sampled depths ( fig. S7 ). We found that the majority (>95%) of the light potentially captured per cell and per day at each station is actually captured within the surface layers (above 55 m), suggesting that any retinal quantified at deeper layers would have a negligible contribution to the total estimates even using a photocycle of 10 ms for all depths.
Whether or not the low amounts of energy captured below 55 m can be used for energetic purposes or not is a question that future studies will need to address. Fig. S1 . Inorganic nutrient concentrations measured along the Mediterranean Sea and East Atlantic Ocean. A) Nitrate (NO 3 ) and B) Phosphate (PO 4 ). Table S4 . The calculations for "molecules per cell" and "cellular energy yield" used the parameters in Table S5 and assumed that 75% of the total heterotrophic bacteria contained PRs (supplementary materials and methods) and 2.5% contained Bchl-a (51). To account for any retinal signal originating from heliorhodopsin, which could represent ~20% of all rhodopsins in the photic zone (10), 80% of the quantified retinal signal was used in these calculations. For the energy calculations, we also assumed a 12 h daylight period. According to DNA sequence data and the information on their spectral tuning and kinetics (6, 44), most PRs from surface waters have fast photocycles typical of H + pumps. Therefore, a photocycle of 10 ms was used for these calculations.
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